Background: Given that alterations in systemic hemodynamics have a profound influence on renal function in patients with cirrhosis, it is surprising that circadian variations in blood pressure (BP) and renal electrolyte excretion have scarcely been studied. Our aims were to define the relationship of 24-h ambulatory BP changes with renal tubular function and to determine the influence of endotoxemia on BP and urinary parameters. Methods: Forty healthy controls served as a comparator to 20 cirrhotic patients. They underwent 24-h ambulatory BP monitoring and 24-h urine collection.
I N T R O D U C T I O N
It has long been recognized that hemodynamic alterations in cirrhosis are characterized by marked splanchnic arteriolar vasodilatation that results in an increased cardiac output; clinically, this is manifested by compensatory increases in the heart rate (HR) and decreased arterial blood pressure (BP) [1, 2] . In health, BP and HR demonstrate a distinct diurnal variation. Both BP and HR are highest during the waking hours and lowest during sleep. The drop in BP during sleep, nocturnal dipping, reflects cardiovascular health, and BP during sleep is superior to awake BP in predicting future cardiovascular or mortality events. Alteration in circadian hemodynamic rhythms is profoundly affected by the autonomic nervous system and both sympathetic and parasympathetic functions are affected in cirrhotic patients [3] . Indeed, emerging data among those with alcoholic cirrhosis suggests reduced circadian variation in BP and HR [4] .
In health, renal blood flow, glomerular filtration rate (GFR) and urinary excretion rate also demonstrate diurnal rhythms [5] . The GFR peaks during the day and nadirs at night time. Renal tubular function also displays this cyclic variation with an intensity that exceeds that seen with the GFR [6] . Given that alterations in systemic hemodynamics can have a profound effect on renal function [7] , it is surprising that few data exist that relate diurnal variation in systemic hemodynamics to alterations in diurnal renal function in patients with cirrhosis. Accordingly, we examined the diurnal variation in systemic hemodynamic and renal tubular function in healthy controls and compared them with patients with cirrhosis with differing severity. The four aims of this study were as follows: (i) to detect alteration in circadian hemodynamic pattern, (ii) to determine the diurnal variation in urinary electrolyte excretion rates, (iii) to define the influence of BP changes on renal tubular function and (iv) to determine the influence of circulating endotoxin on the BP and urinary parameters. 
T E R I A L S A N D M E T H O D S

Study cohort
Forty healthy controls from general medicine clinics and 20 participants with cirrhosis from liver clinic were recruited at the Roudebush Veterans Administration Medical Center. Healthy controls were nonsmoking veterans without hypertension, diabetes mellitus, chronic kidney diseases or liver diseases, or atherosclerotic cardiovascular disease. Cirrhosis was diagnosed by liver biopsy (if available) or radiographic findings of cirrhosis with signs of portal hypertension. Participants with cirrhosis were excluded if they had the following history: (i) history of gastrointestinal bleeding or spontaneous peritonitis or history of hepatic encephalopathy above Grade III or hospitalization from any causes in the 6 weeks prior to study, (ii) history of acute renal failure or underlying kidney diseases including significant abnormalities in urinalysis defined as positive urine dipstick test for protein or evidence of hematuria (defined as >4 red blood cells/high power field or with positive urine dipstick for blood) or (iii) six or more irregular heartbeats/minute or arrhythmia or morbidly obese (body mass index !40 kg/m 2 ) (because of the interference with ambulatory BP measurements). For participants with alcoholic cirrhosis, all had abstained alcohol for at least 4 weeks before the study. Patients who had ascites were required to be on stable dosages of diuretics for at least 6 weeks prior to participation in the study. Stable doses of diuretics were allowed, because a previous study has shown that the presence of diuretics will not interfere with tubular function measurement when participants were in the steady state while receiving stable dose of diuretics [8] . Participants who were on propranolol were allowed to participate if no adjustments in the dosage occurred over the last 6 weeks before study enrollment. The study was approved by the Indiana University Purdue University Institutional Review Board and the Research and Development Committee of the Roudebush VA, and all participants provided written informed consent.
Study procedure
All eligible participants who met the inclusion and exclusion criteria were seen in our research unit. Details of past history, physical examination, clinical and biochemical variables, and urinalysis were recorded. Seated BP was measured three times 1 min apart on each arm using an automated oscillometric device with an appropriately sized cuff (HEM 907, Omron Healthcare, Lake Forest, IL, USA). After BP measurement, participants were asked to collect a 24-h urine specimen in two urine jugs. The first container was for urine collection at the time of discharge from the research unit until bedtime and the second container for nocturnal urine collection until the participant woke up the next morning. The urine output from the time between the participant work-up and the return of the ambulatory BP monitor was also collected into the first container. We asked each participant to record precisely their sleep and wake times, which were then used to compute awake and sleep BP and pulse rate (see below).
Ambulatory BP monitoring
Before the participants were discharged from the research unit, an ambulatory BP monitor (Spacelabs 90207, Spacelabs, Redwood, WA, USA) was placed. The accuracy of the BP monitor was determined by auscultatory methods using a T-piece connected to the oscillometric sphygmomanometer (HEM 907) in a manual mode. Participants were asked to continue to wear the BP monitor for the next 24 h. They were encouraged to perform their daily routines. At the end of the 24 h, participants were asked to return to the research unit, at which time the ambulatory BP monitor was removed. Data were downloaded using the ambulatory BP Report Management System Software (Spacelabs) and exported into a relational database. Ambulatory BP and pulse rate were averaged using the exact interval during which the urine collections were made. These readings were assigned as awake and sleep BP corresponding to the time of the urine collection.
Urine analyte analyses
Urine sodium (Na), potassium (K), chloride (Cl), creatinine and urea were measured at the hospital chemistry lab using standard methods.
Endotoxin measurement
Serum endotoxin was measured using the Limulus Amebocyte Lysate QCL-1000 TM (Lonza, Walkersville, MD, USA). Gram-negative bacterial endotoxin catalyzes the activation of a proenzyme in the Limulus Amebocyte Lysate. The initial rate of activation was determined by the concentration of endotoxin present. The measurement was determined photometrically at 405 nM using the microplate method.
D a t a a n a l y s e s Baseline characteristics were compared between controls and participants with cirrhosis using either unpaired t-test or v 2 test, as appropriate. Twenty-four-hour urinary analyte excretion rate and 24-h hemodynamic profiles were compared between controls and those with cirrhosis using an unpaired Student's t-test. The statistical significance for trends in urinary or hemodynamic parameters among controls and participants with cirrhosis of increasing severity was evaluated using orthogonal polynomial contrasts. The mean level and circadian pattern (awake and sleep) in urinary analyte excretion rate and hemodynamic profiles during the 24-h period were analyzed using t-test or ANOVA as appropriate. The cosinor model was used to further characterize the 24-h circadian changes in the hemodynamic profiles [9] . We fitted an oscillating curve to the mean BP and pulse rate stratified by severity of liver disease. The mesors, amplitude of variation and acrophase of these parameters were calculated and compared. Lastly, the mixed model was used to determine the association between the circadian changes for urinary analyte excretion rate, 24-h hemodynamic profiles and serum endotoxin concentrations. Two separate analyses were performed. First, we used the mean urinary analyte excretion rate as the dependent variable. Fixed effects were the level of serum endotoxin concentration as a continuous variable, and sleep or a wake state as an indicator variable. The interaction of the two fixed effects was also included in the model. Subject was treated as a random variable, and maximal likelihood estimates were used to model the means. Marginal means per unit change in serum endotoxin concentration for awake and sleep states were calculated. These marginal means of the slopes for each urinary analyte excretion rate and their respective 95% confidence intervals were presented using forest plots. Second, similar mixed model analyses were carried out, except that the 24-h hemodynamic profiles were used as the dependent variables. All statistical analysis were performed using Stata 14 (Stata Corp., College Station, TX, USA). Significance was set at a two-sided P< 0.05.
R E S U L T S
Demographics and clinical characteristics of the study cohort
The demographic characteristics of the study population are shown in Table 1 . There were no differences in gender, race, body weight and waist-to-hip ratio. There were no differences in seated clinic systolic BP, diastolic BP, pulse rate, baseline serum creatinine and estimated GFR. As expected, participants with cirrhosis had lower serum albumin and hemoglobin. The mean model of end-stage liver disease (MELD) scores in participants with cirrhosis were 11.2 (range [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Among participants with cirrhosis, eight were Child-Pugh Class A, seven Class B and five Class C. The etiologies of cirrhosis were secondary to hepatitis C infection (n ¼ 12), alcohol (n ¼ 4), a combination of hepatitis C and alcohol (n ¼ 3), and autoimmune hepatitis (n ¼ 1). Among Child classes, there were no differences in the proportion of participants who were on propanolol (50% for Child A, 43% for Child B and 40% for Child C) or on diuretics; a total of eight participants (two in Child A, four in Child B and two in Child C) were prescribed diuretics including a combination of furosemide (ranging from 40 to 80 mg) and spironolactone (ranging from 50 to 200 mg).
Urinary analyte excretion rate and ambulatory BP profiles in controls and participants with cirrhosis Table 2 shows that compared with controls, the 24-h urinary excretion rates for analytes were significantly lower in participants with cirrhosis. There were no differences in the baseline seated clinic BP and pulse rate between controls and participants with cirrhosis (Table 1) ; however, participants with cirrhosis had significantly lower 24-h average systolic BP, diastolic BP and mean arterial BP. No significant differences were seen in pulse pressure or pulse rate. Table 3 shows a linear trend analysis to determine whether the statistical differences in each of the urinary analytes and hemodynamic variables were related to the severity of liver diseases, as assessed by the Child-Pugh classification. Urinary excretions showed no trend except for falling creatinine excretion rates with increasing severity of cirrhosis. Trends were seen for 24-h systolic (P ¼ 0.04), diastolic (P < 0.001) and mean arterial BP (P ¼ 0.002). Increasing severity of cirrhosis was associated with a lower systolic, a lower diastolic, and a lower mean arterial BP. No trend was seen for pulse pressure given the parallel reduction in systolic and diastolic BP with increasing severity of cirrhosis. Pulse rate tended to increase with increasing severity of cirrhosis, but no statistical significance was achieved.
Diurnal variations in urinary analyte excretion rate and ambulatory BP
The diurnal changes in electrolyte excretion rate and BP patterns are shown in Table 4 . Compared with controls, participants with cirrhosis excreted less urinary Na (P ¼ 0.003), Cl (P ¼ 0.01) and creatinine (P < 0.001) during the awake period. In contrast, no differences between groups in the excretion of urine analytes were observed during the sleep period.
In controls, day-to-night changes in urinary excretion were only observed for Cl. Furthermore, among controls, the urinary excretion rates of Na and creatinine displayed little diurnal variation. In contrast, participants with cirrhosis demonstrated significant diurnal variations in the urinary excretion of Na (57.7 versus 87 lEq/min) and creatinine (826 versus 1202 mg/day) between awake and sleep state. Compared with controls, the diurnal differences between day and night urinary excretions were significant for Cl (P ¼ 0.008) and creatinine (P ¼ 0.012), and marginally so for Na (P ¼ 0.069). A test for linear trend was significant in awake urine excretion rates of Na, K and creatinine with increasing severity of cirrhosis; however, no trends were observed for sleep excretion rates of any urinary analyte (Supplementary data, Table S1 ).
Diurnal variations in BP and pulse rates are also shown in Table 4 . Compared with controls, the awake systolic, diastolic and mean BP were significantly lower among participants with cirrhosis. In comparison, pulse pressure and pulse rate were similar. In contrast, between-group differences in BP were not observed during the night. However, pulse rate was significantly 
increased during the night among participants with cirrhosis compared with controls. The change in BP from awake to sleep state or 'nocturnal dipping' was statistically significant in controls for all hemodynamic variables. Among participants with cirrhosis, dipping was significant for systolic, diastolic and mean arterial BP, but not for pulse pressure or pulse rate. Compared with controls, the magnitude of dipping was significantly blunted for systolic BP (P ¼ 0.039), mean arterial BP (P ¼ 0.04) and pulse rate (P < 0.001). Whereas there were no differences in the resting clinic pulse rate between participants with cirrhosis and controls, the pulse rate during sleep was significantly higher in those with cirrhosis (72.3 6 13.7 versus 63.6 6 9.7, P ¼ 0.008), mainly due to the absence of the usual decline or nocturnal dipping in pulse rate among cirrhosis.
Diurnal variations in ambulatory BP with increasing severity of liver disease
To further understand the pathophysiology between 24-h hemodynamic profiles and cirrhosis, we next analyzed the diurnal variations in ambulatory BP, stratified by the severity of cirrhosis according to the Child-Pugh classification (Table 5) . Increasing severity of cirrhosis was associated with a progressive reduction in the awake systolic BP (P for trend ¼ 0.015), diastolic BP (P for trend < 0.001) and mean arterial BP (P for trend <0.001). Increasing severity of cirrhosis was associated with a progressive reduction for nocturnal diastolic BP (P for trend ¼ 0.031) but not systolic BP or mean arterial BP. Increasing severity of cirrhosis was associated with progressive blunting of nocturnal dipping for systolic (P trend ¼ 0.013), diastolic (P trend ¼ 0.021) and mean arterial BP (P trend ¼ 0.014). Nocturnal dipping of these parameters was nearly half with Child B and C cirrhosis, compared with those with Child A cirrhosis.
Awake pulse rate did not display a trend with increasing severity of cirrhosis (P trend ¼ 0.58). However, an increasing nocturnal pulse rate was associated with increasing severity of cirrhosis. We also observed a blunted drop in pulse rate in parallel with the severity of cirrhosis (P trend ¼ 0.001).
We fitted a cosinor model to further characterize the circadian rhythm in pulse rate ( Figure 1 ). As expected, the midline estimating statistic of rhythm (mesor) was not statistically different among Child classes. However, the amplitude of variation in pulse was blunted with increasing severity of cirrhosis (controls 6.5, Child A 5.3, Child B 3.4, Child C 1.2, P¼ 0.03). Furthermore, the acrophase (the time to peak pulse rate) was right-shifted with increasing severity of cirrhosis, and it was delayed by almost 6 h in Child C participants compared with controls.
Relationship of serum endotoxin concentration with diurnal variation in urinary analyte excretion rate Cirrhosis has been associated with impaired intestinal permeability, which has been directly linked to an increased concentration of circulating serum endotoxin. Endotoxin may cause peripheral arterial vasodilation as well as direct vasoconstriction of the renal circulation leading to the perturbation of renal function [10, 11] . We found that the endotoxin concentration was significantly higher in participants with cirrhosis confidence intervals are shown in Supplementary data, Figure  S1 . The interaction effects are significant for Na and K excretion rates. Specifically, the natriuretic-endotoxin slope and kaliuretic-endotoxin slope were more negative during the awake, compared with the sleep state. The awake natriureticendotoxin slope did not cross the zero slope estimate, and the interaction term between the awake and sleep state was significant for Na and K (Supplementary data, Figure S1 ).
Relationship of serum endotoxin concentration with 24-h hemodynamic profiles
The relationship of 24-h hemodynamic profiles with serum endotoxin concentration was further examined using the mixed model (Supplementary data, Figure S2 ), and the slope estimates with their respective 95% confidence intervals are shown in Supplementary data, Figure S3 . Compared with the sleep state, the systolic BP-endotoxin slope was more negative during the awake state. In contrast, the pulse rate-endotoxin slope was more positive during the sleep state, suggestive of a significant increase in nocturnal pulse rate. As noted in Supplementary data, Figure S3 , the P-value for the interaction terms indicated that the slopes were statistically different for sleep and awake states in the case of systolic BP and pulse rate.
D I S C U S S I O N
The major findings in our study are the following. (i) Cirrhosis is associated with reduced excretion rates of creatinine, urea, Na, K and Cl. (ii) While normal controls have no circadian change in urinary Na and creatinine excretion rates, participants with cirrhosis show significant diurnal variations in the FIGURE 2: The association between the serum endotoxin and the diurnal variation in urine analyte excretion rate. Cr, creatinine. urinary excretion of Na and creatinine such that a greater excretion rate for each of these two analytes occurred during sleep. (iii) Whereas little difference was seen among cirrhosis and controls in seated clinic BP and pulse rate, cirrhosis was associated with a lower 24-h ambulatory systolic, diastolic and mean arterial BP. A progressive reduction in 24-h awake systolic, diastolic and mean arterial BP was observed with increasing severity of cirrhosis. Sleep pulse rate was increased in cirrhosis and was associated with disease severity. (iv) Nocturnal dipping in systolic BP, mean arterial BP and pulse rate was blunted in cirrhosis and it was associated with disease severity. (v) The amplitude of pulse rate variation was blunted with increasing severity of cirrhosis, and peak pulse rate occurred later in the day, compared with controls. In Child C cirrhosis, the peak pulse rate occurred nearly 6 h later. (vi) Circulating endotoxin concentration was increased in cirrhosis and an inverse relationship was seen between circulating endotoxin concentration and the excretion of Na and K during the awake hours. (vii) An inverse relationship was observed between circulating endotoxin concentration and systolic BP during the awake state; the opposite relationship was found between endotoxin concentration and nocturnal pulse rate, suggesting that the diurnal variation in electrolyte excretion and 24-h hemodynamic profiles appear to be related to circulating endotoxin levels.
Urinary excretion of electrolytes
Studies of renal physiology in experimentally induced cirrhosis in dogs have revealed that Na retention is central to the development of cirrhotic ascites. In fact, Na retention in followed shortly by expansion of plasma volume and subsequently the development of ascites [12] . However, in the steady state, the urinary excretion of electrolytes, urea and creatinine is proportional to dietary intakes of electrolytes, protein and cooked meat. Furthermore, creatinine generation is reduced with age, low muscle mass and cirrhosis. In contrast to the findings in normal participants, those with cirrhosis exhibited a significant decrease in the 24-h urinary analytes excretion.
Diurnal variation in urinary excretion rates
There was great interest in the diurnal variation in renal function in the first half of the 1900s [13] [14] [15] [16] [17] [18] [19] , and there is general consensus now that renal function demonstrates a circadian rhythm in renal blood flow, GFR and the excretion of electrolytes such as Na and K [20] . Goldman in 1951 reported an altered pattern of diurnal variation of water and electrolyte excretion among 13 patients with cirrhosis and ascites; however, no statistical analyses were provided [18] . In four patients with cirrhosis, Goldman provided feeding every 4 h. Even in these patients, the nocturnal excretion of water, Na and creatinine was greatest during the night; K cycle was preserved in all but three patients. In our study, we did not find a diurnal variation in any of the electrolyte excretions measured in controls. This is at variance with a prior report of Koopman et al. [21] . However, in the study of Koopman et al., much younger volunteers (aged 19-37 years) were admitted to a metabolic ward and fed a standardized small meal every 3 h. Whether it was the younger age or fixed small meals that revealed the circadian variation in urinary electrolyte excretion in the Koopman study is not clear, nonetheless in our study we had the same protocol in the controls and those with cirrhosis. Therefore, the results are directly comparable and internally valid. In cirrhosis, compared with the awake state, nocturnal urinary Na and creatinine excretion were increased by 51 and 46%, respectively. This was similar in magnitude to what we have previously reported in patients with chronic kidney disease [22] . Diurnal variation in urinary Na excretion can in part be explained by the shift in extracellular fluid volume that occurs from being upright during the day to recumbent during the night [23] . Additionally, nocturnal natriuresis is thought to be caused by the decreased tubular Na reabsorption at night, independent of variations in the GFR [23, 24] . Another explanation may be the perturbation in circadian fluctuations of factors known to be controlling renal tubular function, such as aldosterone [25] , cortisol [26] and adrenergic activity [27] in patients with cirrhosis. Of importance, the association between urinary Na excretion and nocturnal BP has been reported [28] . However, we found no relationship between the diurnal variation in the systolic or diastolic ambulatory BP and the urinary excretion of Na (data not shown).
The circadian variation in urinary creatinine excretion in cirrhosis deserves further comments. The urinary albumin-tocreatinine ratio has been widely used as a marker to stage the severity of kidney disease. The calculation is based on the assumption that creatinine excretion rate over a 24-h period is constant. However, using this ratio to detect concurrent renal diseases in patients with cirrhosis may be prone to error due to significant circadian variation in creatinine excretion.
Diurnal variation in hemodynamic parameters
Whereas there was no difference in seated clinic systolic and diastolic BP, we observed a significantly lower awake BP using the ambulatory BP measurement in cirrhosis compared with controls. To further explain this interesting observation, we analyzed the chronobiological profiles of 24-h BP between controls and participants with cirrhosis. Whereas controls exhibited the normal circadian variation in BP (peak BP during the day and dipping in BP at night), this normal physiology of dipping was blunted among patients with cirrhosis. The most significant observation was in the case of pulse rate. Increasing nocturnal pulse rate was associated with increasing severity of cirrhosis. The amplitude was blunted and a significant shift to the right in the acrophase of pulse rate was noted.
Our observations confirm and extend those of Moller et al. [4] who found that during sleep the BP in those with cirrhosis and controls was similar, but during the awake BP was lower in those with cirrhosis compared with controls. The circadian variation in BP is dependent on physical activity, autonomic function and Na sensitivity [29] . It is likely that impairment in each of the three pathways occurs in those with cirrhosis as follows. (i) Physical activity is quite likely reduced with increasing severity of cirrhosis. Daytime inactivity may cause poor night time sleep; the latter is quite common in cirrhosis [30, 31] . (ii) Abnormalities in autonomic function in cirrhosis have been well documented [32, 33] . It is also well recognized that autonomic reflexes are blunted globally in those with cirrhosis [34] . Specific alterations in sympathetic circadian rhythms have been described [35] . (iii) Given the massive upregulation of renal Na transporters in cirrhosis [36] , Na sensitivity is expected although not directly measured. It is noteworthy to point out that nondipping is associated with poorer health outcomes and is a marker of increased cardiovascular risk in people without cirrhosis [37] . However, the clinical significance of this observation among those with cirrhosis is unknown, and it deserves further studies.
Our study extends the observations on circadian pulse rate changes. Alvarez et al. [38] measured pulse rate every 4 h in 12 participants with cirrhosis compared with controls and found no variation in pulse rate. Bernardi et al. [35] performed a cosinor analysis in 7 controls and 16 participants with cirrhosis, of which 9 had ascites. They found a higher mesor in those with ascites compared with controls (76 versus 63.8 min
À1
). The amplitude of pulse was similar, and numerically the acrophase was right-shifted with progressive cirrhosis, but no statistical significance was reported [35] . Using ambulatory BP monitoring Moller et al. [4] found that compared with controls, pulse rate in cirrhosis was higher during both the day and night. During a baseline examination, we found no difference in resting pulse rate between cirrhosis and controls. However, we detected a blunted fall in pulse rate during sleep using 24-h BP monitoring. We also found that the peak pulse rate (acrophase) was right-shifted with increasing severity of cirrhosis. It is recognized that portal pressure also peaks at night in cirrhosis [38] . Given that a higher pulse rate during sleep correlated with increasing severity of cirrhosis, and in prior studies has been correlated with urinary excretion of norepinephrine [35] , it remains to be seen whether the dosage of b-blockers used as a prophylaxis for gastrointestinal bleeding in this population should be dosed based on nocturnal pulse rates.
Relationship of circulating endotoxin, urinary excretion rates and hemodynamics
An interesting and novel observation of our study is the significant interaction between serum endotoxin levels and the diurnal variation of urinary excretion rates. A higher circulating endotoxin level was associated with a lower urinary Na and K excretion rate but only during the awake state; the relationship between endotoxin and urinary Na and K excretion rate was absent during sleep. These data are consistent with hemodynamic data. A higher circulating endotoxin level was associated with a lower systolic BP and higher pulse rate an effect that was confounded by the sleep or awake state. Small bowel bacterial over-growth and impaired intestinal permeability are associated with systemic endotoxemia in cirrhosis [39, 40] . The relationship of endotoxemia and renal failure in cirrhosis has been described [41] ; however, there is a lack of unanimity on this relationship [42] . To date, the mechanism of how endotoxin affects circadian urinary excretion of Na is still elusive. It is conceivable that endotoxin disturbs renal blood flow, hence tubular Na absorption, through the production of vasoactive mediators [43, 44] . Additionally, during the awake state and upright position, renin is elevated [23] . We speculate that the combination of the two factors (endotoxemia and high renin) during the awake state may explain our findings. During sleep, plasma renin activity is expected to fall, and the relationship between endotoxin level and urinary Na and K excretion rate is blunted.
Endotoxemia is associated with enhanced expression of inducible nitric oxide synthase [45] , which can be deduced by increased circulating concentration of nitrite and nitrate [46] . High serum nitrate and nitrite in turn are associated with stimulation of the renin angiotensin system, reduced renal Na excretion and a decline in BP [46] . Given that endotoxemia is directly related to serum nitrite and nitrate level and hemodynamic alterations, it should come as no surprise that a higher pulse rate-endotoxin relationship was seen. What is more difficult to explain is why a relationship between pulse rate and endotoxemia was seen only during the night. In this context, it is important to note that in contrast to controls, the highest urinary excretion rate of norepinephrine occurs between midnight and 4 am [35] . Furthermore, endotoxemia enhances the release of catecholamine from the adrenal gland [47] , which may explain why the pulse rate-endotoxin relationship was seen only during the night. Lastly, it is important to note that our observation did not imply causality between endotoxemia and the alterations in renal tubular dysfunction and circadian hemodynamic profiles. Further studies are needed to attest to the causality and to determine whether this remains simply an association. If causal, what is the underlying mechanism? Lastly, though it was not tested in this study, it is also possible that other vasoactive mediators, known to be altered in patients with cirrhosis, may also play a role in the changes in circadian hemodynamic and renal tubular function. For instance, endothelin, an important determinant of renal and hemodynamic function in animal model of cirrhosis [48, 49] , was found to increase by 2-fold in patients with cirrhosis and ascites, compared with controls [50] . The roles of this mediator in addition to endotoxemia on hemodynamic and renal tubular function in subjects with cirrhosis should be further explored.
Limitations
Our study has some limitations. First, the dietary Na intake was not strictly controlled in participants with cirrhosis. The quantity of daily Na intake might influence the outcomes of interest in our study. Second, diuretic therapy may have affected urinary electrolyte excretion. We only allowed participants who had been on stable dose of diuretics for at least 6 weeks to participate. This inclusion criterion is based on a previous study demonstrating no interference of diuretics at the stable quantity on urinary electrolyte excretion [8] . In our study, similar numbers of subjects were on diuretics in the three groups, so it is unlikely (but not certain) that the effect would be due to preferential diuretic use during the day. Furthermore, diuretic use should have no bearing on urinary creatinine excretion rates. Lastly, antihypertensive medications have been used successfully to restore dipping when taken at night [51] . Thus, the absence of nocturnal dipping is unlikely to be explained by the use of b-blocker in our participants with cirrhosis. In fact, the use of b-blockers was similarly distributed in the three Child classes, yet the most blunting was seen the Child C class.
Clinical implications
In summary, we found that participants with cirrhosis have profound alterations in renal tubular function and BP rhythms. Although the exact reasons remain to be discovered, it appears
